(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
29 November 2001 (29.11.2001) 




PCT 



■IIHHIIMH1HDID 

(10) International Publication Number 

WO 01/90617 Al 



(51) International Patent Classification 7 : F16K 1 7/00, 
G05D 16/06 

(21) International Application Number: PCTAJS0 1/1 7008 

(22) International Filing Date: 25 May 2001 (25.05.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/207,079 



25 May 2000 (25.05.2000) US 



(71) Applicant: ASCO CONTROLS, UP. [US/US]; Hanover 
Road, Florham Park, NJ 07932 (US). 

(72) Inventor: ALBRIGHT, John, Edward; - (US). 

(74) Agent: DEAVER, Albert, B., Jr.; Howrey Simon Arnold 
& White, LLP, 750 Bering Drive, Houston, TX 77057-2198 
(US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN. CO, CR, CU, 
CZ, DE, DK t DM, DZ, EC, EE. ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE. SG, SI, SK, 
SL, TJ, TM, TR, IT, TZ, UA. UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD. SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM. AZ, BY, KG. KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU. MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations' 1 appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: PRESSURE REGULATING PISTON WITH BUILT IN RELIEF VALVE 




1 (57) Abstract: A pressure regulating valve particularly useful in diesel internal combustion engine with a closed crankcase is pro- 
' vided. The valve includes a body (10) coupled to a bonnet (62) with an internal moveable piston (20). The moveable piston (20) 
I maintains a substantially constant pressure in the crankcase by adjusting a fluid flow in response to changes in pressure. The piston 
. (20) also Includes an integral relief valve (44) to prevent overpressure in the event of a crankcase pressure in excess of the designed 
limits of the pressure regulating valve. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




lilllfllOlllllDBIllIUIlliinilll 



(43) International Publication Date (10) International Publication Number 

29 November 2001 (29.11.2001) PCT WO 01/90617 Al 



(51) International Patent Classification 7 : F16K 17/00, 
G05D 16/06 

(21) International Application Number: PCT/US0 1/17008 

(22) International Filing Date: 25 May 2001 (25.05.2001) 
(25) Filing Language: English 
(261 Publication Language: English 



(30) Priority Data: 

60/207,079 



25 May 2000 (25.05.2000) US 



(71) Applicant: ASCO CONTROLS, L.P. [US/US]; Hanover 
Road, Florham Park, NJ 07932 (US). 

(72) Inventor: ALBRIGHT, John, Edward; - (US). 

(74) Agent: DEAVER, Albert, B., Jr.; Howrey Simon Arnold 
& White, LLP, 750 Bering Drive, Houston, TX 77057-2198 
(US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR. BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP. KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TO, IT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, FT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, G A, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: PRESSURE REGULATING PISTON WITH BUILT IN RELIEF VALVE 



ON 




(57) Abstract: A pressure regulating valve particularly useful in diesel internal combustion engine with a closed crankcase is pro- 
vided. The valve includes a body (10) coupled to a bonnet (62) with an internal moveable piston (20). The moveable piston (20) 
I maintains a substantially constant pressure in the crankcase by adjusting a fluid flow in response to changes in pressure. The piston 
(20) also includes an integral relief valve (44) to prevent overpressure in the event of a crankcase pressure in excess of the designed 
limits of the pressure regulating valve. 



WO 01/90617 



PCT/US01/17008 



-1- 

PRESSURE REGULATING PISTON WITH BUILT IN RELIEF VALVE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This Application claims priority of 'the Provisional Application No. 60/207,079 
filed May 25, 2000. 

FIELD OF THE INVENTION 

This invention relates generally to engine valve apparatus and, more particularly, 
to a pressure regulating piston valve with a built in relief valve. 

BACKGROUND OF THE INVENTION 

As engine manufacturers reduce exhaust emissions, crankcase blow-by vented to 
the atmosphere has become a larger contributor to the total emissions. Crankcase blow- 
by is produced when combustion gases, under high pressure, become contaminated with 
oil mist when blown past the piston rings into the crankcase. To further reduce the total 
emissions of engines, it has become necessary to rout these gases into the air intake 
system. In a closed system, this contaminated blow-by is ingested by the engine intake 
system. 

Interest in closed crankcases is being driven both by regulatory as well as 
operating concerns. As of January 1, 1998, the U.S. Environmental Protection Agency 
(EPA) required that all gaseous-fueled on-highway engines must have a closed 
crankcase. While there are as yet no specific regulations on closing the crankcases of 
diesel engines, the overall drive to reduce emissions has made most engine and 
equipment manufacturers become more interested in closing their crankcases. 

In a closed crankcase system, crankcase blow-by gases, which inherently cause a 
rise in crankcase pressure, need to be routed back into the engine intake system. 
Excessive variations in crankcase pressure can damage seals and cause a loss of oil. 
There is a perceived need for a pressure regulator to minimise variation in crankcase 
pressure. There is also a perceived need for a relief valve to protect against overpressure 
in the crankcase that cannot be compensated for by the regulator itself. 
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The present invention is directed to overcoming, or at least reducing the 
effects of, one or more of the issues set forth above. 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides a pressure-regulating valve, 
including a body, a movable piston, and a relief valve. The body has a fluid passageway 
therethrough. The movable piston is disposed within the body and is movable in 
response to pressures thereon to adjust a fluid flow through the fluid passageway. The 
relief valve is integral to the piston. At least one hole in the piston is exposed to a relief 
passageway upon the application of a predetermined level of pressure on the piston. 

Another aspect of the present invention provides a pressure-regulating valve, 
including an upper body portion, a lower body portion, a movable piston and a spool. 
The upper body portion is in fluid communication with a crankcase. The lower body 
portion isolated fluidly from the upper body portion and having a lower body fluid 
passageway therethrough in communication with a crankcase and a vacuum source. The 
movable piston is disposed within the upper body portion. The piston is movable in 
response to pressure thereon to adjust a fluid flow through the lower body fluid 
passageway. The spool connected to the piston and extending through the upper body 
portion and to the lower body portion. 

Yet another aspect of the present invention provides a method of regulating 
pressure in a crankcase of an internal combustion engine. The method includes 
providing a crankcase valve responsive to crankcase pressure, wherein changes in 
crankcase pressure are communicated to the crankcase valve; adjusting a flow through 
the crankcase valve to correspondingly alter the crankcase pressure; and releasing 
overpressure in the crankcase through a relief valve integral to the crankcase valve upon 
application of a predetermined amount of pressure. 

» 

The foregoing summary is not intended to summarize each potential 
embodiment or every aspect of the invention disclosed herein, but merely to summarize 
the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, preferred embodiments and other features or aspects of 
the invention will become apparent upon reading the following detailed description and 
upon reference to the drawings, in which: 

FIG 1 is a cross-sectional view of a valve design in accordance with one aspect of 
the invention. 

FIG 2 is a top view of the design according to FIG 1 . 

FIG 3 is a cross-sectional view of an alternative valve design according to one 
aspect of the invention. 

FIG 4 is a top view of the design according to FIG 3. 

FIG 5 is a top view of a valve piston in accordance with one aspect of the 
invention. 

FIG 6 is a cross-sectional view of the design according to FIG 5. 
FIG 7 is a detail of the circled area of FIG 6. 

FIG 8 is a cross-sectional view of a flow shaper design according to the 
invention. 

FIG 9 is a top view of the design according to FIG 8. 
FIG 10 is a side view of a plug in accordance with the invention. 
FIG 1 1 is a top view of a relief disc design in accordance with the invention. 
FIG 12 is a cross-sectional view of the relief disc shown in FIG 11. 
FIG 13 is a top view of a sealing disc design in accordance with the invention. 
FIG 14 is a side view of the sealing disc shown in FIG 13. 
FIG 15 is a cross-sectional view of a proportioning spool in accordance with the 
invention. 

FIG 16 is a cross-sectional view of an alternative embodiment for the valve in 
accordance with the invention. 

FIG 17 is a top view of the valve shown in FIG 16. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and 
are herein described in detail. The figures and written description are not intended to 
limit the breadth or scope of the invention in any manner, rather they are provided to 
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illustrate the invention to a person of ordinary skill in the art by reference to particular 
embodiments of the invention, as required by 35 USC § 1 12. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the figures, and in particular to FIG 1, a pressure-regulating valve 
in accordance with one embodiment of the invention is disclosed. Pressure regulating 
valve may be used in equipment including, but not limited to, gas engines, diesel 
engines, generator sets and other power equipment As shown in FIG 1, pressure- 
regulating valve includes a body with a fluid passageway extending therethrough. Fluid 
passageway may facilitate, for example, fluid communication between a crankcase (not 
shown) and a vacuum source (not shown). In the embodiment shown in FIG 2, fluid 
passageway exhibits an inlet and an outlet that are substantially normal to one another, 
but this is not necessarily so. In other embodiments discussed in more detail later in this 
disclosure the inlet and outlet are arranged parallel to one another. It will be understood 
by one of skill in the art with the benefit of this disclosure that inlet and outlet may be 
arranged in any convenient manner. In the embodiment of FIG 1, use of pressure 
regulating valve is integrated into a diesel engine (not shown) with a closed crankcase to 
facilitate reduced emissions. 

Attached to body is a bonnet A diaphragm, preferably a rolling diaphragm such 
as is available from Bellofram, Inc., is disposed between body and bonnet Rolling 
diaphragm fits into a groove formed in body and provides a gas-tight seal between body 
and bonnet Bonnet includes a relief flow passageway isolated from fluid passageway in 
normal operation- Relief flow passageway may lead directly to atmosphere, or it may 
lead back to an engine intake manifold (not shown). 

A movable piston assembly is disposed inside body and bonnet Piston assembly 
includes a piston that is also part of an integrated relief valve. Piston includes at least 
one hole, for example the six holes equally spaced around the circumference of the 
piston as shown in FIG 5. Piston includes at least one guide/stop leg, for example the 
four guides/stops equally spaced around the circumference of the piston as shown in FIG 
5, to guide piston inside bonnet and to stop piston travel on angled wall of bonnet 
Piston is shown in some detail in FIGS 5-7. Piston assembly may also include a flow 
shaper attached to a nipple of piston. Flow shaper is shown in some detail on FIGS 8 
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and 9. Flow shaper may have a generally U-shaped cross-section and facilitates less 
turbulent flow through fluid passageway. Opposite nipple of piston is a channel 
receptive of a plug. Plug is shown in detail on FIG 10 and includes a stem with a raised 
portion(s) to facilitate attachment to piston. A head of plug retains a first end of a 
biasing member, such as a conical spring. Conical spring exhibits a second end that 
abuts relief disc. Relief disk is shown in detail in FIGS 1 1 and 12 and includes a hole to 
accommodate piston channel and includes a groove into which a second end of conical 
spring fits. Relief disk may comprise, but it not limited to, Ryton R-4XT. 

Between relief disk and piston is a sealing disk. Sealing disk is shown in FIGS 
13 and 14 and exhibits a hole that also accommodates piston channel. Sealing disk may 
comprise, but is not limited to, a Buna-N copolymer with durometer hardness. Sealing 
disk is sandwiched between piston and relief disk by a force provided by conical spring. 
Sealing disk seals holes in piston. When a sufficient predetermined force is applied to 
sealing disk from inside body, the force of conical spring may be overcome and allow for 
fluid communication between fluid passageway and relief flow passageway. 

Body exhibits opposing internal walls and, which are parts of fluid flow 
passageway. First ends of internal walls, respectively, provide a limit to the travel of 
piston within body. In FIG 1, piston is in the full-open position with guide/stop legs 
abutting angled wall of bonnet Piston may also travel between the position shown in 
FIG 1 and a position in which the piston abuts ends, closing off fluid communication 
between inlet and outlet of fluid flow passageway. A biasing member, for example 
coiled compression spring extending between piston and body, biases piston to an open 
position as described above with guide/stop legs of piston abutting angled wall of 
bonnet Pressure, positive or negative, transmitted from, for example, the crankcase or 
vacuum source (not shown) may overcome the force supplied by coiled compression 
spring to move piston to the position shown in FIG 1, or to any position in between the 
closed position and the full open position of FIG 1. Rolling diaphragm seals the annulus 
between piston and either bonnet (in the full open position as shown in FIG 1) or body 
(in the closed position), or both bonnet and body. 

The operation of pressure regulating valve is described as follows. Pressure- 
regulating valve may be positioned, for example, in a diesel engine comprising a closed 



WO 01/90617 



PCT/US01/17008 



-6- 

crankcase (not shown). As the diesel engine runs some blow-by will occur and 
inherently cause the pressure in the closed crankcase to increase. It is desirable to keep 
the pressure in the crankcase regulated for reasons discussed in the background section. 
As the force on the piston due to crankcase pressure and coiled compression spring 
varies relative to the force on piston due to the vacuum source, piston travels 
advantageously toward either bonnet or ends of body. When this occurs a gap between 
ends and piston changes accordingly and regulates the flow past flow shaper and through 
fluid passageway, thus regulating the crankcase pressure. Thus, piston adjusts itself 
relative to the forces applied to it, by crankcase pressure, vacuum source, and coiled 
compression spring, to maintain a substantially constant pressure in the crankcase. In the 
event that the crankcase pressure exceeds the range under which pressure-regulating 
valve is intended to operate, integral relief valve opens, i.e. fluid communication between 
fluid flow passageway and relief flow passageway is established through holes of piston. 
The seal between holes and sealing disk breaks as pressure on the piston increases 
sufficiently to overcome the force on relief disk provided by conical spring. 

A second embodiment of the invention is similarly disclosed in FIGS 3, 4 and 15. 
In tite embodiment shown in these figures, all of the components shown in FIG 1 are 
included in pressure-regulating valve, however, this second embodiment includes some 
modifications. Body of pressure-regulating valve includes an upper portion and a lower 
portion. Lower portion includes a fluid passageway with an inlet and outlet substantially 
parallel to one another. Fluid passageway may facilitate, for example, fluid 
communication between a crankcase (not shown) and a vacuum source (not shown). It 
will be understood by one of skill in the art with fire benefit of this disclosure that the 
arrangement of the inlet and outlet may be adjusted as necessary to fit within the engine 
parameters. Upper portion includes a fluid passageway with an inlet Inlet may 
facilitate, for example, fluid communication between a crankcase and fluid passageway. 
A flow shaper is included in lower body to reduce turbulent flow characteristics. In the 
embodiment shown in FIG 3, flow shaper is generally U-shaped, but it may also be 
straight or otherwise adjusted. There is no need for an additional flow shaper to be 
added to piston. This absence of an additional flow shaper can be tolerated because in 
the embodiment shown in FIGS 3, 4, and 15, there is no fluid communication between 
the upper portion and the lower portion, as there may be for the embodiment shown in 
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FIG 1, In this embodiment proportioning spool in the lower body, may take the place of 
flow shaper of valve shown in Fig 1 . 

Pressure regulating valve as shown in FIG 3 also includes a proportioning spool 
that attaches at a first end to piston and extends through upper body and into lower body, 
where it passes through flow orifices which separate inlet from outlet. As proportioning 
spool travels with piston assembly, the flow orifices open and close. Proportioning spool 
is shown in detail in FIG 1 5 and includes a stem with a groove to facilitate attachment of 
first end to piston. The main body of proportioning spool may exhibit a slot or slots to 
reduce mass. In some embodiments, there are four fins that keep wall thickness uniform 
for molding and thus reduce the mass of proportioning spool Main body may exhibit a 
channel to allow fluid communication between inlet and outlet and to connect the tapered 
areas of the proportioning spool. Proportioning spool may exhibit tapered areas to 
regulate the amount of flow passing through orifices. 

Referring again to FIG 3, an O-ring held in place by an O-ring retainer seals the 
annulus between proportioning spool and upper body. A gap between a second end of 
proportioning spool and a flow orifice disposed in lower body allows for m a x i mum fluid 
flow through fluid passageway in the full open position shown in FIG 3. Coiled 
compression spring biases piston and thus proportioning spool to the open position 
shown with tapered areas of proportioning spool in a position which allows maximum 
fluid flow through flow orifices and thus passageway. 

The piston, diaphragm, relief valve assembly and other components of pressure 
regulating valve are identical to the corresponding components described for pressure 
regulating valve. 

Operation of pressure regulating valve is as follows. During engine operation, as 
crankcase and vacuum source pressure varies, the force on piston correspondingly varies, 
this varying force is balanced by coiled compression spring which exerts a force equal in 
magnitude but opposite in direction to the force created by the crankcase and vacuum 
source pressure. As this occurs, piston and proportioning spool which is rigidly attached 
thereto advantageously position to increase or decrease the flow orifice areas, thus 
increasing or decreasing the fluid flow through fluid flow passageway. The increased or 
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decreased flow through fluid passageway results in a regulated crankcase pressure. 
Piston and thus proportioning spool will self-adjust according to crankcase pressure, 
vacuum source pressure and the force supplied by coiled compression spring to mai nt a in 
a substantially constant pressure in the crankcase. In the event of crankcase pressure 
exceeding the range pressure regulating valve is intended to operate under, integral relief 
valve assembly advantageously opens, i.e. fluid communication between fluid flow 
passageway and relief flow passageway is established through holes of piston. The seal 
between holes and sealing disk breaks as pressure on the piston increases sufficiently to 
overcome the force on relief disk provided by conical spring. 

In an alternative embodiment shown in FIGS 16-17, piston does not include a 
separate insertable plug or flow shaper but instead comprises a single piece. Piston 
includes a head at first end where it meets conical spring and an integral flow shaper at 
second end. This alternative embodiment does not include the optional flow shapers of 
the other embodiments, but otherwise, the components, including the operation of relief 
valve, are identical to the embodiment shown in FIG 1 . 

In some applications, the pressures at which pistons are operable are as follows. 
Pistons may be biased in the open positions shown in the figures at atmospheric pressure, 
and may close proportionally at a pressure differential of approximately two to 10 inches 
of water. As crankcase pressure tends to increase, pistons will open until the full open 
position (shown) is reached at a pressure of approximately ten inches of water. At any 
pressures greater than ten inches of water, relief valves open and release the excess 
crankcase pressure. It will be understood by one of skill in the art with the benefit of this 
disclosure, however, that these pressure ranges are only exemplary, and that the springs 
and valves may be designed to meet any other pressure ranges as necessary. 

While the present invention has been particularly shown and described with 
reference to a particular illustrative embodiment thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made without departing 
from the spirit and scope of the invention. The above-described embodiment is intended 
to be merely illustrative, and should not be considered as limiting the scope of the 
present invention. 
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CLAIMS: 

1 . A pressure-regulating valve comprising: 

a body with a fluid passageway therethrough; 

a movable piston disposed within the body and movable in response to pressures 
thereon to adjust a fluid flow through the fluid passageway; and 

a relief valve integral to the piston, wherein at least one hole in the piston is 
exposed to a relief passageway upon the application of a 
predetermined level of pressure on the piston. 

2. The pressure-regulating valve of claim 1, further comprising a bonnet coupled to 
the body with the relief fluid passageway therein. 

3. The pressure-regulating valve of claim 1, wherein movement of the moveable 
piston regulates pressure by allowing varying volumes of fluid to pass through the fluid 
passageway. 

4. The pressure-regulating valve of claim 1, further comprising a flow shaper 
attached to the piston to alter flow through the fluid passageway. 

5. The pressure-regulating valve of claim 1, wherein the relief valve comprises: 
a plug disposed within a channel of the piston; 

a sealing disc adjacent to the at least one hole in the pistona relief disc adjacent to 
the sealing disc; and 

a relief valve spring disposed between the plug and a relief disc biasing the relief 
disc and thus sealing disc to a closed, sealed position covering the at 
least one hole in the piston. 

6. The pressure-regulating valve of claim 1, further comprising at least one biasing 
member between the piston and the body, the at least one biasing member biasing the 
piston to an open position. 

7. The pressure-regulating valve of claim 2, further comprising a seal between the 
bonnet and the body. 
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8. The pressure-regulating valve of claim 7, wherein the seal comprises a rolling 
diaphragm. 

9. The pressure regulating valve of claim 1, wherein the apparatus is used to 
regulate crankcase pressure in an internal combustion engine. 

10. The pressure regulating valve of claim 9, wherein the internal combustion engine 
is a diesel engine. 

11. A pressure regulating valve comprising: 

an upper body portion in fluid communication with a crankcase; 

a lower body portion isolated fluidly from the upper body portion and having a 

lower body fluid passageway therethrough in communication with a 

crankcase and a vacuum source; 
a movable piston disposed within the upper body portion; wherein the piston is 

movable in response to pressure thereon to adjust a fluid flow through 

the lower body fluid passageway; and 
a spool connected to the piston and extending through the upper body portion and 

to the lower body portion. 

12. The pressure regulating valve of claim 11, further comprising a relief valve 
integral to the piston wherein at least one hole in the piston is openable upon the 
application of a predetermined level of pressure on the piston. 

1 3 . The pressure regulating valve of claim 1 1 , further comprising a bonnet coupled to 
the upper body with a relief fluid passageway therein. 

14. The pressure regulating valve of claim 11, wherein movement of the moveable 
piston regulates pressure by allowing varying volumes of fluid to pass through the lower 
body fluid passageway by altering the dimensions of a passageway gap between the 
spool and the lower body. 
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lS. The pressure regulating valve of claim 11, further comprising a flow shaper 
within the lower body portion facilitating fluid flow through the lower body fluid 
passageway. 

16. The pressure regulating valve of claim 12, wherein the relief valve comprises: 
a plug disposed within a channel of the piston; 

a sealing disc adjacent to the at least one hole in the piston; 
a relief disc adjacent to the sealing disc; and 

a relief valve spring disposed between the plug and relief disc biasing the relief 
disc and thus sealing disc to a closed, sealed position covering the at 
least one hole in the piston. 

17. The pressure regulating valve of claim 1 1, further comprising at least one spring 
between the piston and the upper body portion, the at least one spring biasing the piston 
to an open position. 

18- The pressure regulating valve of claim 1 3, further comprising a seal between the 
bonnet and the upper body portion. 

19. The pressure regulating valve of claim 18, wherein the seal comprises a rolling 
diaphragm* 

20. The pressure regulating valve of claim 11, wherein the apparatus is used to 
regulate crankcase pressure in an internal combustion engine. 

21. The pressure regulating valve of claim 20, wherein the internal combustion 
engine is a diesel engine. 

22. A method of regulating pressure in a crankcase of an internal combustion engine 
comprising: 

providing a crankcase valve responsive to crankcase pressure, wherein changes in 
crankcase pressure are communicated to the crankcase valve; 
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adjusting a flow through the crankcase valve to correspondingly alter the 

crankcase pressure; and 
releasing overpressure in the crankcase through a relief valve integral to the 

crankcase valve upon application of a predetermined amount of 

pressure. 

23. The method of claim 22, wherein the crankcase valve comprises: 
a body with a fluid passageway therethrough; 

a movable piston disposed within the body and the bonnet; wherein the piston is 

movable in response to pressure thereon to adjust a fluid flow through 

the body fluid passageway; and 
a relief valve integral to the piston wherein at least one hole in the piston is 

exposed to the relief passageway upon the application of a 

predetermined level of pressure on the piston. 

24. The method of claim 23, wherein the crankcase valve further comprises a bonnet 
coupled to the body with a relief fluid passageway therein. 
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